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(54) Power supply circuit for a control circuit 

(57) A power supply circuit is provided for generat- 
ing a low voltage for powering a control circuit The pow- 
er supply circuit is connected to a voltage source having 
a high voltage relative to the output voltage of the power 
supply circuit. The power supply circuit includes a power 
supply capacitor and a charging capacitor connected to 
the power supply capacitor which charges the power 
supply capacitor when the power supply circuit is con- 
nected to the high voltage source. The power supply al- 
so includes an inductor connected to the power supply 



capacitor which charges the power supply capacitor by 
resonant action when the power supply circuit is discon- 
nected from the voltage source, so that the power supply 
capacitor is continuously charged. A pair of diodes are 
also provided. The first diode is connected between the 
charging capacitor and the power supply capacitor. The 
second diode is connected in series with the inductor. 
The power supply circuit further includes a zener diode 
connected to the power supply capacitor for regulating 
the voltage across the power supply capacitor. 
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power supply circuit for a PFC chip; 

Figure 5 is a schematic diagram of yet another prior 

art power supply for a PFC chip; 

Figure 6 is a schematic diagram of a power supply 

circuit for a control circuit according to the present s 

invention; 

Figure 7A is a graph of the voltage at node X of the 
circuit shown in Figure 6 at various points in the op- 
eration of the circuit; 

Figure 7B is a graph of the voltage across the ca- 
pacitor 50 in the circuit shown in Figure 6 at various 
points in the operation of the circuit; 
Figure 7C is a graph of the current flowing through 
the capacitor 50 in the circuit shown in Figure 6 at 
various points in the operation of the circuit: 
Figure 7D is a graph of the current flowing through 
the inductor 52 in the circuit shown in Figure 6 at 
various points in the operation of the circuit: 
Figure 7E is a graph of the current flow through the 
diode 56 at various points in the operation of the 
circuit; and 

Figure 8 is a schematic diagram of a power supply 
circuit according to the present invention which sup- 
plies power to a PFC chip and an electronic control- 
ler for a switched reluctance motor. 

Similar reference characters indicate similar parts 
throughout the several views of the drawings. 

Turning now to Figure 6, a relatively low DC voltage 
power supply for circuits such as PFC circuits is illus- 
trated. Although the following example addresses the 
use of the low voltage power supply in connection with 
a power supply for a PFC chip, the illustrated power sup- 
ply can be used to generate a relatively low DC supply 
voltage from a switched load connected to a relatively 
high DC power supply. In the power supply of Figure 6, 
the current provided to charge the power supply capac- 
itor 58 is provided from two sources. A small percentage 
of the current that is used to charge the power supply 
capacitor 58 is provided from a relatively small capacitor 
50 when the switching device is opened. A significantly 
greater percentage of the current used to charge the 
power supply capacitor 58 is provided via resonant ac- 
tion between inductor 52 and capacitor 50 when the 
switching device is closed. Because the great percent- 
age of the current used to charge the power supply ca- 
pacitor is provided by resonant action, capacitor 50 may 
be relatively small. 

Referring to Figure 6, the low voltage power supply 
comprises a power supply capacitor 58 across which is 
coupled a zener diode 60. Zener diode 60 serves to reg- 
ulate the voltage across the capacitor 58 and, accord- 
ingly, serves to regulate the voltage level of the low volt- 
age power supply. Although the desirable breakdown 
voltage of zener diode 60 will vary from application to 
application, in the example of.Figure 6, the breakdown 
voltage is assumed to be approximately 20 volts. 

The power supply capacitor 58 is coupled to an in- 



ductor 52 via a diode 56. The inductor 52 is coupled to 
the negative rail of the DC bus 6 via a diode 54. The 
inductor 52 is also coupled to a relatively small capacitor 
50. 

In Figure 6, the diode 54 is illustrated as a standard 
diode. In alternative embodiments, standard diode 54 
may be replaced with a zener diode where the break- 
down voltage of the zener diode is selected to be the 
desired low DC supply voltage. In such embodiments, 
zener diode 60 may be eliminated or replaced with a 
standard diode. 

In operation, the circuitry o1 Figure 6 provides cur- 
rent to the power supply capacitor 58 such that capacitor 
58 remains charged to the desired low DC supply volt- 
age. Moreover, the circuitry of Figure 6 ensures that the 
amount of charge provided to power supply capacitor 
58 is sufficient for the power supply as a whole to meet 
the output current requirements. 

Unlike known systems, the circuitry of Figure 6 pro- 
vides current to charge power supply capacitor 58 both 
when the switching device 10 is opened and when the 
switching device 10 is closed. Moreover, unlike known 
systems, the majority of the current used to charge pow- 
er supply capacitor 58 is provided when the switching 
device 10 is closed. 

The operation of the circuitry of Figure 6 may be 
best understood through consideration of Figure 6 in 
conjunction with the voltage and current waveforms of 
Figures 7A-7E. Figures 7A-7E generally illustrate vari- 
ous currents and voltages in the circuitry of Figure 6 over 
time. 

Referring to Figures 6 and 7A-7E, there is an initial 
point in time T 0 when switching device 10 is closed and 
the voltages represented in Figures 7A-7E are substan- 
tially constant. At that time, because switching device 
10 is closed, the voltage across switching device 10 
(V M ) will be substantially zero as illustrated in Figure 7A. 
The voltage at node X in Figure 6 will also be substan- 
tially zero at T 0 . For reasons discussed more fully below, 
the voltage across capacitor 50 at time T 0 will be ap- 
proximately the negative of the voltage provided by the 
low voltage DC power supply. Accordingly, the voltage 
at node Y will be approximately equal to the voltage pro- 
vided by the low voltage DC power supply. As Figures 
7C and D illustrate, at time T 0 there is no current flowing 
from capacitor 50 {i.e., I c is 0 amps), there is no current 
flowing through inductor 52 (;.e., l L is0amps) and there 
is no current flowing into the power supply capacitor 58 
(i.e., I D is 0 amps) . 

At a point in time T t it is assumed that the switching 
device 10 is opened by, for example, a switching com- 
mand from PFC chip 14. When switching device 10 is 
opened, the substantially constant current flowing in in- 
ductor 8 is directed to capacitor 50, and consequently, 
the voltage at node X (with reference to the negative rail 
of the DC bus) rises until it reaches V M . At this time, 
diode 12 becomes forward-biased and the current from 
inductor 8 flows into the DC bus capacitor 6 which, in 
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and switching device 10. This is illustrated in Figure 7H 
r his is illustrated in Fianr^ 7<- m . Tu M 9 ur e 7D. 
andT 4 thecurrpn in Note that, between T 3 
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frequency of the switching device is 100kHz (a period 
of 1 0 microseconds), the inductor should be selected to 
deflux completely in less than 10 microseconds. In this 
example, a suitable deflux period for inductor 52 would 
be 7 microseconds. The deflux period of the inductor 52 s 
is approximately H/V^. Accordingly, for a deflux period 
of 7 microseconds (with a V 58 of 20 volts) IL should be 
approximately 140 microsecond-volts. 

Having selected a suitable deflux period for the in- 
ductor 52 an appropriate inductor size may be selected 10 
given the current drain on the power supply capacitor. 
Assuming that the average current drain on the power 
supply capacitor is 60mA and that the switching period 
is 10 microseconds, then the current from the inductor 
l 2 L/40 must be 60mA * 1 0 microseconds.- Assuming also '5 
a desired discharge period of 7 microseconds, it is 
known that IL must be approximately 140 microsecond- 
volts. Solving for I and L yields a peak resonant current 
I of 171mA and an inductance for inductor 52 of 816 mi- 
crohenrys. 20 

Assuming a lossless resonant transfer of the energy 
stored in capacitor 50 to inductor 52 when switching de- 
vice 1 0 is closed, the peak energy stored in the inductor 
must be equal to the energy stored in capacitor 50 at 
T 3 . Mathematically CV^LI 2 where C is the capacitance 25 
of capacitor 50, V is the peak voltage across capacitor 
50, L is the inductance of inductor 52 and I is the peak 
resonant current through inductor 52. Because V is 
known (365V), L is known (816 microhenrys) and I is 
known (171 mA), C may be calculated at 179 pF. 30 

Having determined the values of L and C it is now 
possible to delermine the contributions of each towards 
the charging of power supply capacitor 58. As the above 
indicates, the inductor 52 provides current to charge the 
power supply capacitor 58 over a time interval of ap- 3S 
proximately 7 microseconds. Assuming that the current 
flowing through power switching device is 9.6 Amps 
when switching device 10 is opened, capacitor 50 will 
provide current to capacitor 58 for an interval of (365 
volts * 179 picofarads)/9.6 amps or 0.0068 microsec- 
onds. 

As the above indicates, in the circuit of Figure 6, the 
amount of time over which current flows through capac- 
itor 50 to the power supply capacitor, equal to T 2 - T-, 
(and in the example, approximately equal to 0.0068 mi- 
croseconds) is significantly less than the amount of time 
current flows from inductor 52 to the power supply ca- 
pacitor 58 equal to T 5 - T 4 (and in this example, approx- 
imately equal to 7 microseconds). Although the magni- 
tude of current flowing into the capacitor 58 between T, 
and T 2 exceeds that flowing between times T 4 and T 5 , 
the fact that the second interval is much greater means 
that the significant majority of the average current that 
maintains the desired voltage level across power supply 
capacitor 58 is provided by inductor 52 allowing for the 
use of a small and inexpensive capacitor 50. In addition, 
when the low DC voltage power supply of the present 
invention is used, a lower power switching device 10 



may be used resulting in a lower cost system, because 
less additional current flows through the switching de- 
vice and there are fewer losses in it. This results in a 
more efficient system. 

The power supply circuit of Figure 6 is advanta- 
geous in that is provides a power supply that may be 
used to drive other control circuits in addition to PFC 
chip 14. For example, the power supply circuit of the 
present invention may be used in a switched reluctance 
motor system to power both PFC controller and an elec- 
tronic controller used to control the motor. One such em- 
bodiment is illustrated in Figure 8. Figure 8 generally 
illustrates a switched reluctance motor system including 
a switched reluctance motor 90, a converter circuit 92 
for controlling the application of power from the DC link 
to the motor 90 and an electronic controller 94 that con- 
trols the switching devices in the converter circuit 92. A 
PFC controller 96 is used to increase the power factor 
of the system. The electronic controller 94 may be of 
conventional construction as is taught in The Charac- 
teristics, Design .and Applications of Switched Reluc- 
tance Motors and Drives, by Stephenson and Blake and 
presented at the PCIM "93 Conference and Exhibition 
at Nurenberg, Germany, June 21-24, 1993. Electronic 
controller 94 is supplied with a low DC voltage from a 
supply 98 which is of the type illustrated in Figure 6. As 
illustrated, the power supply terminals of the electronic 
controller 94 are coupled across the power supply ca- 
pacitor 58. 

The above description of several embodiments is 
made by way of example and not for purposes of limi- 
tation. In particular, the invention is applicable to 
switched reluctance machines having numbers of stator 
and rotor poles different from those illustrated above. 
The present invention is intended to be limited only by 
the spirit and scope of the following claims. 



Claims 

1 . A power supply circuit comprising: 

a first capacitor having a first terminal and a 
second terminal, the first terminal of said first 
capacitor receiving an input voltage; 
a first rectifier having an anode and a cathode, 
the anode of said first rectifier being connected 
to the second terminal of the first capacitor; 
a serially connected combination of elements 
having a first end and a second end, the com- 
bination comprising an inductor and a second 
rectifier which is connected to conduct from the 
second end to the first end, the first end being 
connected to the second terminal of the first ca- 
pacitor; and 

a second capacitor having a first terminal and 
a second terminal, the first terminal of said sec- 
ond capacitor being connected to the cathode 
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(54) Power supply circuit for a control circuit 

(57) A power supply circuit is provided for generat- 
ing a low voltage for powering a control circuit. The pow- 
er supply circuit is connected to a voltage source having 
a high voltage relative to the output voltage of the power 
supply circuit. The power supply circuit includes a power 
supply capacitor and a charging capacitor connected to 
the power supply capacitor which charges the power 
supply capacitor when the power supply circuit is con- 
nected to the high voltage source. The power supply al- 
so includes an inductor connected to the power supply 



capacitor which charges the power supply capacitor by 
resonant action when the power supply circuit is discon- 
nected from the voltage source, so that the power supply 
capacitor is continuously charged. A pair of diodes are 
also provided. The first diode is connected between the 
charging capacitor and the power supply capacitor. The 
second diode is connected in series with the inductor. 
The power supply circuit further includes a zener diode 
connected to the power supply capacitor for regulating 
the voltage across the power supply capacitor. 
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